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REMARKS 

This is in response to the Office Action that was mailed on 
April 17, 2006. The definition of R 3 in claim 1 has been amended, 
based upon the working Examples. Clerical errors related to the 
terms Tap and Tap have been corrected in the specification and 
claims. That the correction is proper is manifest on the face 
thereof, and is supported by publications available to persons 
skilled in the art, including EP 0718325 A (page 6, line 55 through 
page 7, line 40) and EP 0751182 A (page 8, line 33 through page 9, 
line 16) . Copies of these publications are enclosed for the 
convenience of the Examiner. The feature of claim 2 has been 
incorporated into independent claim 1. No new matter has been 
introduced. Claims 1 and 3-27 are pending in the application, with 
claims 10-27 being withdrawn from consideration on their merits. 

Claims 1-9 were rejected under 35 USC § 102(b) as being 
anticipated by an article authored by Aaltonen et al. The 
rejection is respectfully traversed. The Aaltonen et al. article 
discloses a copolymer of ethylene and propylene with 10-undecen-l- 
ol, having a molecular weight distribution (Mw/Mn) of not more than 
3, prepared in the presence of various metallocene catalysts. 
However, the Aaltonen et al. article does not teach a polar-group- 
containing olefin copolymer as defined in present claims 1, 6, and 
9. 
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As discussed in the specification, page 3, line 13 through 
page 4, line 6, copolymers prepared by copolymerizing a-olefins 
with polar group-containing monomers using a Ti catalyst (Ziegler- 
Natta catalyst) or V catalyst have a non-uniform molecular 
structure. That is, these known copolymers have, e.g. a wide 
molecular weight distribution or high inversion content. 

The polar group-containing olefin copolymer of the present 
invention solves the above -described problem on non-uniform 
molecular weight. Moreover, it has a satisfactory orientation 
orientation of polar groups towards the interface between the 
copolymer and polar materials, as well as sufficient adhesion 
properties to polar materials and compatibility therewith. The 
Aaltonen et al. article neither teaches nor suggest the above. No 
person of ordinary skill in the art would conceive of these 
superior effects of the present invention based upon the Aaaltonen 
et al. disclosure. 

Accordingly, the presently claimed invention is both novel and 
unobvious. The Examiner is earnestly requested to withdraw the 
rejection under 35 USC § 102 (b) , and to pass this application to 
Issue . 
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Should there be any outstanding matters that need to be 
resolved in the present application, the Examiner is respectfully 
requested to contact Richard Gallagher (Reg. No. 28,781) at the 
telephone number of the undersigned below, to conduct an interview 
in an effort to expedite prosecution in connection with the present 
application. 



Respectfully submitted, 



BIRCH, STEWART, KOLASCH & BIRCH, LLP 




Marc S. Weiner, #32,181 



MSW/RG 
1155-0274P 



P.O. Box 747 

Falls Church, VA 22040-0747 
(703) 205-8000 
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3- meth^1,44iexadiene, 4-methyM,4^exadiene, 5-methyM,4-hexadiene, 4-emyMAhexadkne, 3-methyM 5- 
Irene. 3,3«JimethyM ,4-hexadiene, S^-dimethyM.S-hexadiene, 

5^neth]^1 ( 4-heptadiene, 5-ethyl-1,4^eptariienet ^methyl-l^-heptadiene^ B-methyM.S-heirtadiene. 5-ethyl- 
■heptadiene, 3-methyM ^heptadiene. 4™ettiyK6-heptadiene, 4.4<ijmethy]-1,&heptadiene. 4^2thyl 1.6-heptadi- 

4- methyI^ 1 ,4-octadiene, 5-methyM >4-octadfene, 4-ethyM ,4-octadiene, 5-eihyM ,4-octadiene, 5 -methyM 5-octa- 
diene, 6-methyl- 1 ,5K)c»adiene, 5-eth^-1 ,5-«:tad 

diene, 6-ethyM,6-octao5ene, frpropyl-1.&-octadiene. 6-butyM,6-octadien8, 

4- mettyM,4-nonadiene, 5-melfiyl-1,4-nonadiene, 4-ethyM ,4-nonadiene. 5-ethyM.4-nonadieie, S-methyM S- 
nonadiene, 6-methyi-1 p 5^onadiene, 5-ethyM,5-nonadiene, 6-ethyM,5-nonadiene, 6-methyM ( 6-nor*idiene 7*meW- 
1,6-nonadiene. S-ethyl-I.e-nonacfiene, 7'ethyM,6-nonadiene ( AmethyMj-nonadiene. 8-methyM 7-nona.diene 7- 
ethyM ,7-nonadiene, 

5- methyM^ecadiene, S-ethyM^ecadiene, S-methyl-l^ecadiene, 6-methyM,5^JecadiBne. 5-ethyl-1 5- 
decadiene. 6-ethyM.5-decadiene, e-methtf-l^ecadiene, 6-ethyHWecadiene, 7-methyM,*de<;adiene 7-ewyl- 
Wecadiene. 7-methyMJ-decadiene, 8-me%M,74ecadiene, 7-etM-U-decadiene. 8-ethyM,7-decadiene 8- 
methyM.d-decadiene, 9-methyM,B-decadiene, 8-ethyM ,8-decadiene, 

6<netbyM,6-undecadiene and 9-methyM,8-undecadiene; 
afcycfic polyenes, such as 

wiyfcydohexene, vinylnorbomene, 5-elhylidene-2-nofbomene, dicydopentadiene, cydooctadiene 2 5-norbor- 
nadiene, 

1.4^iviriylcydohaxane, 1,3-dwiylcydohexane, 1.3-divlnylcyclopentane, 1.54Mnylcyctooctaru, 1-aIlyl-4-vinyl- 
cydohexane, 1,4-diallylcyclohexane, t-allyi-5-vinylcydoocalane, 1.5^iallylcyclooctane, Vallyl-4-isopiopenylcyclohex- 
ane . Hsopropenyl^-vinylcydohejcane and 1-isopropenyl'3-vrlnylcyclopemane; 
aromatic polyenes, such as 
divinyibenzene and vinylisopropenylben2ene- 
These nonconjugated polyenes may be used in combination of two or more kinds. 
Of these, nonconjugated polyenes having 7 or more carbon atoms, e.g., 7-methyM,&*ctadiene [MOD), 5-ethyli- 
dene-2-fiorbornene (ENB) and dicydopentadiene (DCPD) r are preferably used in the invention. 



so (i) Ratio of (a) ethylene component to (b) a-olefin component [(a)/(b)] 



i conta ns 



The ethy1ene-t*olef in-nonconjugated polyene random copolymer provided by the invention 
from ethylene (a) and unrts derived from the a-oief in of 3 or more carbon atoms (b) (sometimes referred 
"a-olefin (b)- hereinafter) in a molar ratio of 40/60 to 95/5 [(a)/(b)], preferably 55/45 to 90/10. 
& When this random copolymer is used as a Wend with a conjugated diene rubber, the molar ratio (a) 
in the range of 65/35 to 80/20. From the random copolymer of this ratio and the conjugated cfiene 
composition having high mechanical strength and capable of exhibiting characteristics of rubbers even 
tures can be obtained. 



40 (ii) Iodine value 

The iodine value of the ethylene-a-olefrn-nonconjugated polyene random copolymer, that is one ino^x of the amount 
of the nonconjugated polyene component, is in the range of 1 to 50, preferably 5 to 40. 

4$ (iii) Intrinsic viscosity (nj 

Trie intrinsic viscosity (n) of the ethylene-a-olef in-nonconj ugated polyene random copolymer, as measured in decalin 
at 135 6 C, is in the range of 0.1 to 8.0 dl/g, preferably 0.2 oVg to 6 dl/g. 

When this random copolymer is used as a blend with a conjugated diene rubber, the intrinsic viscoky ft) is panic- 
50 ularly preferably 0.3 dl/g to 5 dl/g. The random copolymer having an intrinsic viscosity ft) of this rang e is excellent in 
blending properties (compatibility) with the conjugated diene rubber, and from the random copolymer arx I the conjugated 
diene rubber, a vulcanizabfe rubber composition excellent in not only mechanical strength but also heaf resistance and 
weathering resistance can be obtained. 

55 (iv) To?/Taa 

The intensity (area) ratio D of Top to Too of the ethylene-a-olefin-nonconjugated polyene random < opolymer in the 
1 3C-NMR spectrum, Tap/Toa. is not more than 0.5. The intensity ratio D of the random copolymer varic s depending on 



unHs derived 
to simply as 



r (b) is preferably 
ubber, a rubber 
at low tempera- 
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the kind of the o-olefin (b) for constituting the random copolymer, but it is preferably not more thar 
not more than 0.05. 



Tap and Taa in the 13 C-NMR spectrum are each a peak intensity of CH 2 in the units derived ... 
or more carbon atoms (b). and they mean two kinds of CH 2 different in Kh e position to the tertiary ca b 



fromthea-o!efinof3 
on as shown below. 
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0.1, more preferably 



The intensity ratio D of the random copolymer can be determined in the following manner. 
The uc-NMR spectrum of the random ccpolymer is measured using a hexachlorobutadieneW 6 -benzene (2/1 by 
volume) mixed solution of a sample (concentration; 5 % by weight) at 25 °C and 67.8 mHz on the Msis of d^benzene 
(128 ppm) by means of a NMR measuring device (e.g.. JEOU3X270 produced by Japan Electro i Optics Laboratory 
Co., Ltd.). 

The 13CMSIMR spectrum thus measured was analyzed basically in accordance with the prop >sals of Lindemann 
Adams (Analysis Chemistry 43, p 1,245 (1971)) and J.C. Randall (Review Macromolecular Cher fctry Physics, C29. 
201 (1989)}. 

The intensity ratio D is nowdescrfeed in more detail with reference to an ethyiene-1 -butene-7-n|ethyl-1 ,6-octadiene 
random copolymer. 

In the 13C-NMR spectrum of the ethyiene-1 -butene-7-methyl-1 .6-octadlene random copolynW, the peak which 
appears at 39 to 40 ppm is assigned to Taa, and the peak which appears at 3 1 to 32 ppm is sssig ied to Ta£ 

The intensity ratio D is calculated as a ratio between the integrated values of those peak area* . 

The intensity ratio D thus obtained is considered an index of a proportion of occurrence of the 2 1 -insertion reaction 
of 1-butene after the 1 ,2-insertion reaction or an index of a proportion of occurrence of the 1 ,2-ins srtion reaction after 
the 2,1-insertion reaction. Therefore, as the intensity ratio D becomes larger, the linkage directioi of the o-olefin (1- 
butene) becomes more irregular. To the contrary, as the D value becomes smaller, the linkage direction of the a-olefin 
(1-butene) becomes more regular. When the regularity is high, the molecular chains tend to be Assembled and the 
random copolymer tends to have high strength, and preferred in the present invention. 

In the present invention, a random copolymer having the intensity ratio D of not more than 0.5 ik obtained by copo- 
lymerizing ethylene, an a-olef in of 3 or more carbon atoms and a nonconjugated polyene using a c ataJyst containing a 
Group IVB metallocene compound, as described later. However, even if ethylene, 1-butene and 7-it ethyl-1 ,6-octadiene 
are copolymerized in the presence of a Group VB metallocene (eg., vanadium) catalyst an ethylene 1 -butene-7-methyl- 
1 ,6-octadiene copolymer having the intensity ratio D of not more than 0.5 cannot be obtained. The s^me applies to other 
a-olef ins than 1-butene 

(v)B value 

The B value of the ethylene-a-olefin-rwnconjugated polyene random copolymer, as determined by the 13 C-NMR 
spectrum and the f olowing formula, is in the range of 1 .00 to 1 .50, preferably 1 .02 to 1 .50, more preferably 1 .02 to 1 .45, 
particularly preferably 1 .02 to 1 .40. 

Bvalue = [P OE W2-p 6 ].p 0 ]) 

wherein [Pg] is a molar fraction of the units derived from ethylene (a) in the random copolymer, [P^\ rs a molar fraction 
of the units derived from the a-olef in (b) in the random copolymer, and [P 0 e) is a proportion of tfje number of the a- 
olefin-ethylene sequences to the number of ail the dyad sequences in the random copolymer. 

This B value is an index of a distribution state of the ethylene (a) and the a-olef in (b) in the random copolymer, and 
it can be determined based on the reports by J.C. Randall (Macrpmoiecules, 15, 353 (1982)) and | Ray (Macromole- 
cules, 10, 773(1977)). 

As the B value becomes larger, the block-like sequence of the ethylene (a) or the a-olef in (b) bebomes shorter, and 
this means that the sequence distribution of ethylene and the a-olef in is uniform and the compositJc n distribution of the 
random copolymer is twrm As the B value becomes smaller (particularly smaller than 1), the oom|>osition distribution 
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the copolymer rubber tends to be lowered. 
(2) Iodine value 

The iodine value of the ethyiene/a*o)efin/non conjugated polyene copolymer rubber (B1 ), th,it is one index of ihe 



NO. 1 370 P. 11/12" 



amount of the nonconjugated polyene component in the copolymer rubber (B1), is in the range 
1 to 30, 

(3) Intrinsic viscosity ft) 

The intrinsic viscosity fa) of ihe ethylene/a-olefin/nonconju gated polyene copolymer rubber 
decalin at 135 fl C, is in the range of 0.1 to 10 dl/g, preferably 1,5 to7 dl/g 

(4) gri* value 



oi 1 to 50, preferably 



B1), as measured in 



The grf value determined by the intrinsic viscosity ft) of the linear ethylene/a-olefin/noncoi^ju gated polyene co- 
polymer rubber (B1) exceeds 0.95. 

The grf value is defined by the following equation: 

gri w = (nV(tl) biank 

wherein ft) is an intrinsic viscosity measured in the property (3), and (tObiank ' s an intrinsic viscosit f ol a linear ethylene/ 
propylene copolymer which has the same weight-average molecular weight (measured by a tigtpt scattering method) 
as the copolymer rubber (B1) and has an ethylene content of 70 % by mol. 

From the linear ethylene/a-olefin/nonconjugated polyene copolymer rubber (B1 ) having such properties as men- 
tioned above, a thermoplastic elastomer composition and a molded product thereof both of wr ich are excellent not 
only in mechanical strength, weathering resistance and ozone resistance but also in low-temperature resistance (low- 
temperature flexibility) and heat resistance can be obtained. 

It is preferable that the linear ethylene/a-olefin/nonconjugated polyene copolymer rubber (B|1) further has the fol 
lowing properties (5) to (7). 



(5) D value 



\ spectrum of the ethylene/a-olefin/nc nconjugated polyi 



The intensity (area) ratio D of Tap to Taa in the 1 3 C-NMR 
copolymer rubber (B1) Tap/Taa, is not more than 0.5, preferably not more than 0.3 

The intensity ratio D of the copolymer rubber (B1) varies depending on the kind of the a-o 
the copolymer rubber (B1). 

Top and Taa in the isc^NMR spectrum are each a peak intensriy of CH 2 in the units 
and each respectively represents either of two kinds of CH 2 having different positions to the tertfary 
below. 
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The intensity ratio D of the copolymer rubber can be determined in the following manner. 

The 13 C-NMR spectrum of the copolymer rubber is obtained by measuring a mixture solutii 
diene with a sample (concentration: 5 % by weight)/d 6 -benzene (2/1 by volume) by means of a 
(e.g., JEOL-GX270 manufactured by Japan Electron Optics Laboratory Co., Ltd.) at 25 e C and 
of d6-benzene (12B pprn). 

Analysis of the 1 3 C-NMR spectrum was basically carried out in accordance with the proposalsj of 
(Analysis Chemistry 43, pl245 (1 971)) and J.C. Randall (Review Macromoiecular Chemistry Physics, 



ene 

efin used for forming 



derived from the a-olefin, 
carbon as shown 



on of hexachlorobuta- 
measuring device 
8 MHz on the basis 



67. 



Lindemann Adams 
( C29,2G1 (1989)) 
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The intensity ratio D is now described in more detail with reference to an ethylene/1 -butene|7 
copolymer rubber. 

In the 13 C-NMR spectrum of the athylene/1-butene/7-methyl-1 , 6-octadiene copolymer rutjber, 
at 39 to 40 ppm is assigned to Tcux, and the peak appearing at 31 to 32 ppm is assigned to 

The intensity ratio D is calculated as a ratio between the integrated values ot those peak 

The intensity ratio D thus determined is considered as an index of a proportion of occurrence 
reaction of 1 -butene subsequent to the 1 ,2-addition reaction or an index of a proportion of occur rence 
reaction sebsequent io the 2,1 -addition reaction Therefore, the larger the intensity ratio D bee >mes 
the linkage direction of the a-olefin (1 -butene) becomes. To the contrary, the smaller the D value 
regular the linkage direciion of the a-olefin (1 -butene) becomes. When the regularity is high, tr 
to be assembled and the copolymer rubber tends to have high strength and is preferred 

In the present invention, a copolymer rubber (B1) having an intensity ratio D of not more 
copolymerizing ethylene, an a-olefin and a nonconjugaied polyene using a specific Group 
as described later. However, even rf ethylene, 1 -butene and 7-methyl-1 .6-octadiene are copolyimerized 
of a Group VB metallocene (e.g., vanadium) catalyst, an ethylene/1 •butene/7-methyl-l,$-oclapiene 
having an intensity ratio D of not more than 0.5 cannot be obtained. The same applies to other 



fop. 
areas. 

of the 2,1 -addition 
of the 1 2-addition 
, the more irregular 
becomes, the more 
e molecular chains tend 



IVB 



(6) B value 

The B value of the ethylene/a-olefin/nonconjugated polyene copolymer rubber (B1)» as 
NMR spectrum and the following equation, is m the range of 1 .00 to 1 .50. 



B value = (P 0E )/(2.(P E HP 0 )) 



Ruy 



rthe 



wherem (P e ) is a molar fraction of the ethylene units (a) in the copolymer rubber; (P 0 ) is a 
units (b) in the copolymer rubber: and (P^) is a proportion of a number of the cwDlefin/ethylent 
of all the dyad sequences in the copolymer rubber. 

This B value is an index of distribution of the ethylene and the cx-olefin in the copolym 
determined based on the reports by J.C. Randall (Macromolecules, 1 5, 353 (t 982)) and J. 
773 (1977)). 

The larger the B value becomes, the shoner the block-like sequence of the ethylene or 
this shows that the sequence distribution of the ethylene and the a-olefin is uniform and the 
of the copolymer rubber is narrow. The smaller the B value becomes (particularly smaller 
distribution of the copolymer rubber is widened, and such copolymer rubber does not Butficiehtry 
such as strength when vulcanized, differently from a copolymer rubber of narrow compositioi 

In the present invention, a copolymer rubber (B1) having a B value of 1.00 io 1.50 is 
ethylene, an <x*olefm and a nonconjugated polyene using a specific Group 
However, even if ethylene, an oolefin and a nonconjugated polyene are copolymerized ir 
metallocene type titanium catalyst, an ethytene/a-olefin/nonconjugated polyene copolymer 
within the above range cannot be obtained. 



molfcr fraction of the a-olefin 
sequences to a number 



(7) Glass transition temperature 



The glass transition temperature (Tg) of the ethylene/a-olefirVnonconjugated polyene 
measured by DSC (differential scanning calorimeter), is preferably not higher than -50 P C. 

From the copolymer rubber (B1) having a glass transition temperature (Tg) of not higher than -50 °C, a thermo- 
plastic elastomer composition of good low-temperature flexibility can be obtained. 

The ethylene/a-olefin/nonconjugated potyene copolymer rubber (B1 ) used in the 
ymer rubber of ethylene, vbutene and ethylene norbomene (ENB), has a glass transition 
about 5 to 1 0 °C than that of an ethylene/propylene/ENB random copolymer rubber (EPDM) 
ratio among ethylene, oolefrn and polyene as this copolymer rubber, and this copolymer 
temperature properties. 



$$ Properties of long-chain branched ethylene/a-olefin/nonconiuqated p olyene copolymer rubber (B2) 



The long-chain branched ethylene/a-olefin/nonconjugated polyene copolymer rubber | 
invention has the following properties. 
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methyl-1, 6-octadiene 
■ the peak appearing 



than 0.5 is obtained by 
metallocene catalyst 
in the presence 
copolymer rubber 
ot-olefins thanVbutene. 



determined by the 13 C- 



sr rubber, and it can be 
(Macromolecules, 10, 



a-olefin becomes, and 
composition distribution 
1.00), the composition 
exhibit its properties 
distribution, 
obtjained by copolymerizing 
IVB metallocene catalyst as described later. 

the presence of a non- 
rubber having a B value 



copolymer rubber (Bl ), as 



invention, e.g., a random copol- 
tpmperature (Tg) lower by 
ng the same monomer 
rubber exhibits excellent low- 



(Ei2) preferably used in the 
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